Abstract-to increase the maximum possible benefits of technical, economic and environmental aspects, the optimal sizing and sitting of distributed generation in distribution system has always been challenging for customers as well as to utilities. The objective of optimum sitting of distributed generation in a distribution system is to reach suitable operation of such systems with minimization losses of the systems, voltage profile improvement, enhanced system load ability, stability and reliability. In this paper, a review of techniques for optimum sitting of distributed generation units in distribution systems and study their effects on customers and utilities are presented. Also, a comparison was done between methods for optimum location of distributed generation in distribution systems.
I. INTRODUCTION
A traditional power system involves of generation of electricity, which is transferred and distributed to the consumers following a one direction way. Nowadays, nonrenewable resources considered as the main primary sources that used to produce electricity in the World, source such as natural gas (21.9%) and coal (41%). Electricity that generate by non-renewable resources has many problems as limitation of power resources, which impact the country energy security and environmental special effects due to the growth of greenhouse gas emissions. Depending on these problems, smart grids are a best trend in the world of energy grids. Smart grid is defined and used in several ways, but a common advantage is the growth usage of progressive information technology (IT) in electric distribution systems. They can be considered as a modern power system as it can be used to enhance the grids security, reliability and efficiency, while decreasing on locate and repair faults easily, accommodate renewable resources offer environmental benefits, and offer environmental benefits. These characteristics are reached by automated controls, modern connection infrastructure and sensing, controlling and energy organization technologies. A smart grid can be defined as a generation, transmission and distribution system prepared with a two-way communication system monitored by the grid operator. The main smart grid features are installation of renewable sources, participation of the electricity customers, quality energy supply according to the need of the grid, capability of electricity generation and storage, addition of electricity self-producers, energy efficiency practices, operation flexibility, and making of new services and products. Sharing of the electricity customers will let changes in their consumer behaviour depending on electricity costs and real time consumption. These features contribute to the smart grid premises to be sustained, and reliable efficient. However, there are some barriers for smart grid that challenge the forward progress which are high costs, need of investors engagement, and risk of customer privacy infringement. The future grid will have smaller distributed generators (DG) which will be part of future grid to allow the grid to be more resilient to any variation from the renewable resources in the networks. The renewable resources are estimated to be joined at any site in the grid. Also, the common usages of DG will help the distribution network to be bidirectional. Hence, creating more challenges in operation and designing the system [1, 2, 3] . Furthermore, self-healing network is the best attractive advantage of smart grid [4] .
II. DISTRIBUTED GENERATION
DG is the most important part of smart grid which can be defined as electric energy generation in distribution systems or on the consumer side of the system [5] . DG can be defined as small sources, renewable or conventional, which are different from the main generators and can also be located near to the load being served or on the consumer site of the meter [6, 7] Also, DG is known by several names such as decentralized generation, dispersed generation, embedded generation, onsite generation, distributed energy or redistributed energy, and it creates electricity from many small energy sources. The types of DG would be classified depending on their ratings, i.e. micro from 1Watt to 5kW, small from 5kW to 5MW, medium from 5MW to 50MW, and large from 50MW to 300MW [5] . A classification is presented in Fig.1 .Nowadays, interest in the DG are increasing, the integrating of renewable energy, due to the demands of decreasing the greenhouse gas emissions and minimizing the transmission and distribution costs as well as the transmission and distribution losses. Also, the renewable resources such as wind and sun are never ending, clean and reliable. Sources of power is thrust to preserve depleting reserves of conventional fuels, i.e. coal and petroleum. One of the ways to achieve the same is through integrating these renewable DG into the present electric supply system [8, 9] . Several other advantages of using DG are resources of transmission and distribution system are reduced, increased reliability, better power quality, and having minimum technical loss and environmental impact. Which provide impetus to go toward integrating DG in smart grid [10] . DG also has the advantage of less investment, land saving, short construction period, energy saving and good environmental protection performance. Network-connected DG brings great impacts on voltage distribution, network losses, system protection and reliability of distribution network [11, 12] . However, all these are depending on the system configuration and management, size, and location of DG in the electrical system [10] .
III. OPTIMAL LOCATION OF DG UNITS
If a DG unit is inappropriate located, the system performance will be unstable. Hence, to optimize the usage of a DG, a system designer has to improve the DG site before adding it to the distribution network. Several optimization techniques that could be used are Ants Colony Search (ACS), Particle Swarm Optimization (PSO), Multi Agent System (MAS), The Imperialist Competitive Algorithm (ICA), Immune Algorithm (IA), Adaptive Genetic Algorithm (AGA), Power Stability Index (PSI), and Artificial Bee Colony (ABC).
In ACS 12-bus, and 15-bus [13] , 85-bus [14] , and 34-bus [15] were used, the simulation and implementation of this method simple. PSO applied 13-bus [7] , 33-bus, and 69-bus [16] , and 15-bus [17] as a test feeders, this method rather difficult to get the final results, needs lots of work. MAS [11] is the best method since this method flexible to add or change the agents till we catch the best result. For ICA 33-bus, and 69-bus [20, 21] , chose to test parameter that effect on DG location, results can find easily with this method. In IA 31-bus [23] , and 30-bus [24] were installed as a testers, IA is so complicated. While AGA implemented 3 generators with 9 nodes [26] , and 39-bus [27] , the methodology of this method is clear and simple in implementation. In PSI 3 test feeders were used 12-bus [29, 30] , 69-bus, and modified 12-bus [30] to find DG optimal location in distribution network, we don't prefer to use this method in our work, since the papers that installed this method were not so clear. ABC used 33-bus [30] , 69-bus, and 229-bus [33] , and 34-bus [34] ACS [13] is an optimization technique based on behaviour of ant colony in nature, which is used to determine the optimum site of DG in distribution system. Ants start searching around for food, it leaves pheromone between the nest and food place. This to ensure other ants can following the tail of pheromone. Most of ants tend to use shorter path and do the same every time they pass between their nest and food places. ASC modelled the shorter path mathematically. Bongkoj et al. [13] , proposed ACS for the optimal site of DG in distributed network. It is tested using two test feeders, first is tested on single line diagram with 12-bus test feeder, and second one tested on radial network using a 15-bus test feeder. For 12-bus , the real power losses is calculated to be 3.21 kW, while in 15-bus test, real power losses is 14.98 kW. These are reduced by 84.66% and 75.68% for 12-bus and 15-bus tests, respectively after DG placement in the system. Based on results the ACS with 12-bus tested on single line diagram is more effective than a 15-bus tested on radial diagram with laterals, this method is active and easy to implement in the real world. Naga Lakshmi et al. [14] also used ACS for optimal allocation and sizing of DG in distributed networks and compared the results with the GA. The ACS and GA methods were implemented on IEEE 85-bus system using MATLAB. Where the real power losses were demonstrated to be 24.86 kW and 34.73 kW, respectively, and the reactive power losses were found to be 19.59 kVAr and 20.69 kVAr, for ACS and GA, respectively. On other hand, the real power losses are reduced by 91.63% for ACS and 88.31% for GA. Also, reactive power losses reduced by 92.70% and 88.89% for ACS and GA, respectively. The results shows that the ACS method is better compared to GA method. Sheidaei et al. [15] aimed to find DG placement in distribution network to decrease the losses of network using ACS method and GA on IEEE 34-bus system with four DGs connected to the system, and programmed under MATLAB. The real power losses reduced from 270.2 kW to 193.7 kW, and 213.2 kW when ACS and GA are implemented, respectively. The ACS reduced the losses by 28.2%, while GA only by 21.11 %, which demonstrated that ACS optimization method is more acceptable.
PSO [7] is a technique for optimization problems. Which related to adaptive algorithm. The particle swarm, which is individually, represents one possible solution. Each particle starts to move for searching to find optimal location in the space, regarding to that each particle considered without mass or volume in a space. Alinejad et al. [7] performed PSO to set DG in optimum location and compared the results with GA. They select medium voltage feeder with 13-bus, which is part of Tehran distribution system and, programed under MATLAB. Two cases were considered the first is with 1 DG and the second is with 2 DGs. After installing of 2DGs, the total real power losses reduced from 465.74 kW to 293.36 kW and reactive power losses from 216.44 kVAr to 181.345 kVAr. Several experiments were done, which claimed to the better of PSO algorithms of in the comparison with the GA. This paper is incomplete, as there are only real and reactive power losses results for 2DGs presented. While, results for 1DG and GA optimization are not available. Moradi and Abedini [16] proposed PSO and GA for optimum siting and sizing of DG on distribution network. They presented a new hybrid algorithm based on combination of PSO and GA. Methods preformed on 33-bus and 69-bus test feeders using MATLAB to prove the effectiveness of the technique. In the GA/PSO method, DG location searched by GA while the size is optimized by PSO. GA/PSO method results are verified with PSO and GA results which are done separately, i.e. for 33-bus test, the real power decreased to 0.1034 pu for
PSO, 0.0832 pu for PSO and 0.089 pu for GA. This demonstrated that GA/PSO method has been able to be morereliable compared to the other two separate methods. Amanifar [17] considered PSO for siting and sizing of DG in distribution system, in order to reduce losses in distribution system. To contain harmonics presence, PSO was installed with a harmonic power flow (HPF) and applied on 15-bus test feeder where the real power losses decreased from 61.7944 kW to 36.5502 kW, and the reactive power losses reduced from 57.2977 kVAr to 33.7686 kVAr. The results revealed that locating DG in most favorable sizing and sitting can reduce power losses.
MAS is the algorithm that consists of multiple reacting computing elements, called agents. These agents are computer systems with two main features. First, they are able to move in autonomous way to decide what they want to satisfy the planned object lives. Second, they are able to cooperate with other agents by sharing social activity and data such as negotiation, organization, and collaboration [18] . Nadheer and Abu Zaharin [11] used MAS which involves 3 agents. First is a grounding index, it is an agent in charge of add DG randomly by grounding indices. Second is a reliability assessment agent that uses a recursive algorithm to guess the appropriate generator depended on the duration reliability and frequency indices at each case. Third agent responsible to save and transfer information between the previous two agents. These type of agents are generated from DISCO-Net, which is the distribution network in Malaysia that installed by applying Java Agent Development Environment (JADE). MAS shows development in grounding and reliability of the power system. However, there are no simulation results presented on real or reactive power losses. Hence, this paper inappropriate to be compared with other works. Note that our main interest is to find the best location of DG in the grid in order to reduce real and reactive power losses.
ICA [19] starts with a primer population, called countries. Some of countries, which have low cost, are chosen to be important imperialists. Other countries turn to be the colonies of these imperialists. Imperialists power decide colonies number that can share between the imperialists. The cost function of an imperialist is in inversely relational to its power. Then, colonies removal toward their related imperialist and the location of the imperialists will be informed if any colony has better location than the imperialist. After that, a competition starts between the imperialists, and through the competition, weak empires are excluded. The imperialistic competition will piecemeal lead to a development in the power of strong empires and a decrease weaker one power. At the end, weaker empires will be fallen. These competitions between the empires will cause all the countries to unite to a state, resulting only one empire to be existed in the world and the other countries will be the empires colonies. Jahani, and Hosseinzadeh [20] present ICA algorithm to find optimal allocation of DG resource in the distributed networks. Which minimize the distribution power losses, and the objective function is tested on the IEEE 33-bus and 69-bus systems. With a numerical example, the superiority of the proposed algorithm is demonstrated in comparison with the simple GA. For 33-node the real power losses reduced to 201.38 kW and 212.52 kW for ICA and GA, respectively. While for 69-node the real power losses reduced to 211.45 kW and 226.52 kW for ICA and GA, respectively. Algorithms shows the better characteristics of the ICA in comparison with the GA especially in terms of solution quality and number of iterations. Arash and Ebrahim [21] considered five cases with ICA method to search for optimum location of DG in the distributed system install on 33-bus and 69-bus as a test feeders. The first case was implemented on 33-bus using 1DG and 2DGs with normal load. For 1DG the real power losses and reactive power losses reduced to 68.08 kW and 54.94 kVAr, respectively, while 2DGs the real power losses reduced to 29.15kW and the reactive power losses reduced to 21.11kVAr. For 69-bus, the second case which considers 1DG, the real power losses and reactive power losses reduced to 23.05 kW and 14.52 kVAr, respectively. While the third which has the same considerations as of the first case with a 50% load increment, the real power losses reduced to 53.37kW and the reactive power losses is reduced to 36.68 kVAr. The forth case which used 2DGs with normal load, the real power losses and reactive power losses reduced to 7.97 kW and 8.47 kVAr, respectively. Fifth case where 2DGs applied with 50% load increment, the real power losses reduced to 16.36kW and the reactive power losses reduced to 18.40kVAr. Results shows reduction in real and reactive power losses more than the half in the cases with 2DGs which means that by adding more DGs to the system, power losses reduced more. Hence, this method is demonstrated to be useful to find optimum location of more than 1DG in the distribution system. IA is an organ system proposed to defend the host organism from the dangers such as pathogens and toxic elements. Pathogens include a variety of micro-organisms for example parasites, pollen, bacteria and viruses. Regarding to immune system roles, the traditional viewpoint is divided into major tasks, i.e. the discovery and omission of pathogen. The construction of immune system is a series of protective layers that defend the host. When a pathogen penetrate the host inside, it must deal with the immune system. These interconnected immunological sub-systems will be covered of many kinds of cells and molecules created by specific organs and processes using chemical connection, where cells and molecules surfaces work together with the pathogens surfaces [22] . In IA method, generally antigens will represent constraints and objective function, and the solution will be an antibody that fits the antigen [23] . Aghaebrahimi and Amiri [23] proposed IA method to allocate DG in distribution system. Where Tehran Distributed Network was chosen as a test system. IEEE-13bus system was selected with medium voltage feeder and the simulation was done using MATLAB. Numerical tests were done to show the validation of IA in optimization problem, where 1DG, 2DGs, and 3DGs demonstrate the real power losses of 123.409 kW, 84.440 kW and 59.029 kW, respectively. The calculation results proved the efficiency of IA in allocation problem. Junjie and Yulong [24] also used IA method to solve DG placement problem in distributed network. IEEE-30 bus test system have been used to find DG placement location where the real power losses calculated to be 15.76 MW, i.e. the losses is reduced by 2.9%. Therefore, the IA technique has been shown as effective way to solve DG optimization problem in distributed system by decreasing power losses.
AGA [25] is similar to basic GA. In basic GA, the program starts with the cross rate and mutation. However, the cross rate and mutation are updated in each generation in AGA before any program is performed. Also, in [26] AGA is presented to adaptively cross rate and mutation of individual in various levels of the development by presenting a changeable representing population diversity meter, and to make sure that every generation of outstanding individual was saved. Adopted elite used strategy, specifically. if next generation population have optimal individuals amount less than the optimal individuals amount of present population, then the optimal individuals of present population will directly transferred to the generation by replacing in randomly way or replacing appropriate value of the worst individual types of next generation. Lei et al. [26] determined transmission cost losses calculation model to allocate DG in optimum location to minimize transmission cost losses and transmission losses of the distribution system using AGA technique and compare the results with minimum transmission losses model and minimum transmission losses cost model. They used IEEE3 generators and 9 nodes with the final simulation result demonstrated that the transmission losses are reduced from 0.0481MW to 0.04487 MW by minimum transmission losses model. However, the amount of real power losses and reactive power losses was not presented. Xia et al. [27] performed AGA on distribution system to resolve DG placement problem where IEEE 39-bus has been adapted. The result decreased the real power losses from 305.6530 kW to 235.753 kW. On the other hand, the real power losses reduces by 22.87%. Therefore, this demonstrated that AGA can be used to find optimal location of DG and improved losses in the distribution system.
PSI [28] derived to find the most optimal location of DG based on the most critical bus in the distribution system that can make system voltage unstable when the load rises above certain limit. The PSI amount is considered for each line in the system and prepared from highest to the lowest amount. In the line with highest PSI amount, receiving end node will be the DG placement. For multiple DG locations, the second DG placement will depend on the impact of the first DG. Rambabu and Venkata [29] considered PSI method for optimal site of DG in distribution network. 12-bus and 69-bus are used as test feeders, using MATLAB. After siting the DG in 12-bus test feeder, the total real power losses reduced from 224.6044 kW to 82.3076 kW, and the total reactive power losses reduced from 99.6895 kVAr to 39.277 kVAr, which were decreased by 63.354% and 60.6006%, respectively. For 69-bus test feeder, the total real power losses reduced from 224.6044 kW to 99.6895 kW and the total reactive power losses reduced from 82.3076kvar to 39.277kvar. They decreased by 63.354% and 60.6% for real and reactive power losses, respectively. By looking at the results, they may be presented wrongly, as the results of both 12-bus, and 69-bus feeders similar. Hence, this is not recommended to be referred to for further analysis. Aman et al. [30] presented PSI for DG siting and sizing as they compared the existing results with the Golden Section Search (GSS). They have selected 12-bus, modified 12-bus and 69-bus as test feeders on MATLAB. As PSI method was compared with GSS algorithm, it was found that the simulation time by PSI is 50-60% less more than the GSS algorithm. Also, the considered method was claimed to show reduction in losses, without any numerical results presented. Note that most of results in this paper are formulated in figures. This paper was not firm in presenting their results and again, not recommended for further analysis.
In ABC [31] agents are called artificials bees which work together to solve optimization problem and ABC is iterations technique. At the beginning, artificals bees stay inside the hive, then each bee start to search by series of local moves. And later after the first iteration, the optimum discovered solution is saved. At second iteration, bees are still trying to find incrementally construct solutions for the optimization problem. Where there is at least one solution at each iteration. After the end of the iterations, the bees return back to the hive. All the bees can be part of making decision by obtaining the data that made by other bees about the quality of solution. The bees discuss the data by comparing their solutions. The iteration stops when at least one suitable solutions are found. Israf and Anjan [32] considered ABC to solve DG optimization problem in distribution network, to minimize the real power losses in the system. They applied MATLAB with IEEE 33-bus as a test feeder. Several cases were presented, where the first case implemented only with one DG, second with two DGs, third case with three DGs, and fourth with four DGs. The case with only one DG seems to demonstrate the real power losses with 111.10 kW, while the second case 92.29 kW, the third case 73.75 kW, and the forth case 68.61 kW. This paper proved that by adding more of DGs, more reduction in losses are gained. The reduction was not demonstrated much while adding 2 or 3 DGs to the system. However, almost half losses reduction was presented while comparing between cases of 1DG and 4DGs. Therefore, we will be more interested to perform tests with 1DG and 4DGs for comparison purposes, rather than doing more simulations for 1, 2, 3, and 4 DGs. Ayse and Mehmet [33] also used ABC technique to locate DG in optimum location and compared the results with Grid Search Method. IEEE 33-bus, 69-bus, and 229-bus were used as test feeder and programed under MATLAB. For 33-bus the real power losses reduced by 0.0679 MW and 0.0682 MW for ABC and Grid Search Method, respectively. While for 69-bus the real power losses reduced to 0.0238 MW for ABS and 0.0239 MW for Grid Search Method. And, 229-bus demonstrated the real power losses to reduce to 0.0052 MW for both methods. Therefore, it concluded that both methods find good agreement on the results on real power losses while small differences between them can be ignored. Soma et al. [34] performed ABC to find optimum allocation of DGs in distribution network to decrease power losses and installed on 34-bus using MATLAB. Results are verified with the GA with optimum setting of various number of DGs. ABC are implemented on 1 DG, 2 DGs, 3DGs, 4DGs, 5 DGs, and 6 DGs, and The real power losses was 127.67 kW, 115.13 kW, 97.27 kW, 102.41 kW, 82.943 kW, and 72.43 kW, respectively. They claimed that losses decreased each time DGs were added to the system but suddenly the real power losses increased a bit when 4 DGs were added to the system. Later on the power losses decrease with 5 DGs and 6 DGs in the system. However, comparison between ABC and GA are made only for case within 4 DGs are used, real power losses was s 102.4 kW and 102.8 kW for ABC and GA, respectively. It could be said that putting 3 DGs will be the optimum choice to demonstrate the power losses with 34-bus system. Yet they claimed that ABC is better than GA.
IV.CONCLUSION
In this review paper, a set of optimization techniques was presented to determine the optimum site for distributed generation to reduce the real power losses and reactive power losses in electrical power system. All studies demonstrated that the site of DG in power system is influenced mainly by the advantages of Distributed generation, the more the optimum location is, the more benefits will be obtained.
